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INTRODUCTION 

Petroleum res idues  a r e  a v a l u a b l e  raw m a t e r i a l  f o r  the p r o d u c t i o n  o f  f o s s i l  
f u e l s .  The e f f i c i e n t  u t i l i z a t i o n  o f  t h i s  resource r e q u i r e s  knowledge o f  the 
chemical composi t ion o f  t h e  res idue .  The composi t ion work descr ibed here i s  an 
ex tens ion  o f  p rev ious  work i n v o l v i n g  the separa t i on  and analyses o f  h i g h - b o i l i n g  
pe t ro leum d i s t i l l a t e s  ( I )  and res idues  ( 2 ) .  The purpose o f  t h i s  paper i s  I )  t o  
desc r ibe  the separa t i on  of res idues,  us ing  m o d i f i c a t i o n s  o f  techniques p r e v i o u s l y  
developed f o r  t h e  s e p a r a t i o n  o f  h i g h - b o i l i n g  d i s t i l l a t e s ,  2) t o  o b t a i n  composi- 
t i o n a l  data on t h e  res idues ,  and 3) to compare t h e  composi t ion o f  t h e  res idues  and 
h i g h - b o i l i n g  d i s t i l l a t e s .  

Much o f  t h e  c h a r a c t e r i z a t i o n  work o n  pet ro leum res idues and aspha l t s  has been 
performed on unseparated samples (3-6) .  The separa t i on  o f  these h igh-molecular -  
we igh t  m ix tu res  became p o s s i b l e  a s  chromatographic techniques were developed. 
K le inschmid t  (7) developed a method t o  separate a s p h a l t s  i n t o  f r a c t i o n s  o f  asphal- 
tenes, water w h i t e  o i l s ,  dark o i l s ,  and a s p h a l t i c  r e s i n s .  The separa t i on  o f  as- 
p h a l t s  us ing  the  method of Corbe t t  (8) produces f r a c t i o n s  o f  sa tu ra tes ,  naphthene- 
aromat ics,  p o l a r  a romat i cs  and asphal tenes.  The "SARA" method developed by Jewel1 
and co-workers (9)  separates pe t ro leum r e s i d u a l s  i n t o  f r a c t i o n s  o f  sa tu ra tes ,  
aromat ics,  r e s i n s ,  and asphal tenes.  Bunger (2) mod i f i ed  the  separa t i on  techniques 
developed by A P I  P r o j e c t  60 ( I )  t o  separate b o t h  t a r  sand bitumens and pet ro leum 
res idues.  

T h i s  paper desc r ibes  the separa t i on  o f  pet ro leum vacuum res idues  t h a t  do not  
d i s t i l l  a t  a b o i l i n g  p o i n t  o f  675 O C  ( co r rec ted ) .  The res idue  was separated i n t o  
ac ids ,  bases, n e u t r a l  n i t r o g e n  compounds, s a t u r a t e  hydrocarbons, and a romat i c  
hydrocarbons, u s i n g  ion exchange, complexation, and \adso rp t i on  chromatography. 
Ac ids and bases a r e  removed f r o m  the  res idue  w i t h  i o n  exchange res ins .  Neu t ra l  
n i t r o g e n  compounds a r e  i s o l a t e d  by complexat ion w i t h  f e r r i c  c h l o r i d e  adsorbed on 
At.tapulgus c lay .  S a t u r a t e  and a romat i c  hydrocarbons a r e  separated u s i n g  s i 1  i c a  
g e l .  These separa t i ons  have been a p p l i e d  to res idues  from f o u r  crude o i l s .  E le -  
menta l  analyses o f  t he  major  f r a c t i o n s  ob ta ined  from these separa t i ons  a r e  d i s -  
cussed. The compos i t i on  o f  res idues  from f o u r  o i l s  a r e  compared, and the  composi- 
t i o n  o f  a res idue  i s  compared w i t h  t h e  composi t ion o f  h i g h - b o i l i n g  d i s t i l l a t e s  
from the same crude o i l .  

EXPER I MENTAL 

Reagents 

Amber l i t e  I R A  904 and Amberlyst 15, the anion-  and cation-exchange r e s i n s ,  
were obta ined from Rohm & Haas. The Ar tapulgus c l a y  (LVM, 50/80 mesh) was obta ined 
f rom Engelhard M ine ra l s  and Chemicals Corp., and the  s i l i c a  g e l  (grade 62, 60/200 
mesh) came from Davidson Chemical Co. Reagent-grade f e r r i c  c h l o r i d e  hexahydrate 
and potassium hyd rox ide  were o b t a i n e d  from Baker and Adamson Co. Cyclohexane and 
n-pentane (99%, P h i l l i p s  Petroleum) were p u r i f i e d  by f l a s h  d i s t i l l a t i o n  and by 
p e r c o l a t i o n  through a c t i v a t e d  s i l i c a  g e l ;  benzene, methanol, and 1,2-d ich loroethane 
( reagent  grade, Baker and Adamson) were f l a s h  d i s t i l l e d ;  i sop ropy l  amine (reagent 
grade, Eastman) was used a s  rece ived .  
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Apparatus 

The separat ions were made on a l i q u i d  chromatographic column 1.4-cm i . d .  by 
119-cm long. 
t h a t  permi ts  t h e  cont inuous e l u t i o n  o f  the sample w i t h o u t  t he  need f o r  l a r g e  quan- 
t i t i e s  of so l ven t .  
fo l lowed by a n i t r o g e n  gas sweep a t  steam-bath temperature u n t i l  a cons tan t  sample 
we igh t  was obta ined.  

P repara t i on  o f  Petro leum Residues 

The column was water  j acke ted  and conta ined a r e c y c l i n g  arrangement 

Solvent  was removed from the  f r a c t i o n s  u s i n g  a r o t a r y  evaporator  

Petroleum res idues  rep resen t ing  p o r t i o n s  o f  crude o i l s  t h a t  d i d  n o t  d i s t i l l  
a t  a b o i l i n g  p o i n t  o f  675 O C  ( co r rec ted )  were prepared a t  t he  B a r t l e s v i l l e  (Okla.) 
Energy Research Center (IO). The res idues were prepared by vacuum d i s t i l l a t i o n  o f  
crude o i l s  i n  a wiped-wal l  s t i l l  a t  5 x torr  and 296 'C. Thermal exposure o f  
the  o i l  t o  heated sur faces was min imized by s h o r t  res idence t ime,  and no decomposi- 
t i o n  was detected d u r i n g  these d i s t i l l a t i o n s .  
o i l s - -Wi lm ing ton  ( C a l i f . ) ,  Gach Saran ( I r a n ) ,  South Swan H i l l s  ( A l t a . ) ,  and Recluse 
(WYo. )--were prepared. 

P repara t i on  o f  Resins and Adsorbents 

Vacuum res idues f rom f o u r  crude 

Anion-Exchange Resin. - A m b e r l i t e  IRA 904 r e s i n  (1000 g) was p laced  i n  a 
g lass  column and a c t i v a t e d  by the  f o l l o w i n g  procedure. The i n i t i a l  washes were 
made w i t h  1 N h y d r o c h l o r i c  a c i d  (7.8 l i t e r s )  and d i s t i l l e d  water  (2 .0 l i t e r s ) ,  
u s i n g  a f l ow  r a t e  o f  8 bed volumes pe r  hour. The r e s i n  was a c t i v a t e d  u s i n g  1 N 
sodium hydrox ide (7.8 1 i t e r s ) .  Th i s  washing sequence was repeated, s t a r t i n g  w i t h  
h y d r o c h l o r i c  a c i d .  The r e s i n  was then washed w i t h  d i s t i l l e d  water  (2.0 l i t e r s ) .  
F i n a l  p repara t i on  o f  t he  r e s i n  was made by washing w i t h  the  f o l l o w i n g  s o l v e n t  
sequence: 75% water-25% methanol ( I  .O 1 i t e r ) ;  50% water-50% methanol ( I  .O 1 i t e r ) ;  
25% water-75% methanol ( I  .O 1 i t e r )  ; methanol (2.0 1 i t e r )  ; benzene (3.0 1 i t e r )  ; 
cyclohexane (3.0 l i t e r ) .  The r e s i n  was s to red  under cyclohexane. ( Impor tan t :  Do 
n o t  a l l o w  r e s i n  t o  d r y  o r  t o  be exposed t o  hea t . )  

Cation-Exchange Resin.  - Amber lyst  15 r e s i n  was prepared i n  the  manner des- 
c r i b e d  for the an ion  r e s i n  w i t h  the  excep t ion  t h a t  the acid-base washing sequences 
were reversed. 

F e r r i c  C h l o r i d e  on A t tapu lgus  Clay. - F e r r i c  c h l o r i d e  hexahydrate (IO weight  
percent  i n  methanol) was contacted w i t h  A t tapu lgus  c l a y  f o r  1 hour .  The f e r r i c  
ch lo r i de -A t tapu lgus  c l a y  was f i l t e r e d ,  washed seve ra l  t imes w i t h  cyclohexane, 
e x t r a c t e d  w i t h  cyclohexane for 211 hours i n  a Soxh le t  e x t r a c t o r  t o  remove nonadsorbed 
m e t a l l i c  s a l t ,  and d r i e d  a t  room temperature. The m a t e r i a l  con ta ined  0.7 t o  2.0 
pe rcen t  by weight  o f  i r o n .  

S i l i ca -Ge l  Adsorbent. - The Davidson Chemical Co. grade 62 s i l i c a  ge l  was 
used as received.  

Separat ion Procedure 

The separat ion procedure i s  shown i n  F igu re  I .  The res idues a r e  separated 
i n t o  f i v e  f r a c t i o n s :  ac ids ,  bases, n e u t r a l  n i t r o g e n  compounds, s a t u r a t e  hydrocar-  
bons, and aromat ic  hydrocarbons. Ac ids a r e  i s o l a t e d  us ing  anion-exchange r e s i n ,  
bases w i t h  cation-exchange r e s i n ,  and n e u t r a l  n i t r o g e n  compounds by complexat ion 
w i t h  f e r r i c  c h l o r i d e  adsorbed on A t tapu lgus  c l a y .  The remain ing hydrocarbon f r a c -  
t i o n  i s  separated on s i l i c a  ge l  t o  produce s a t u r a t e  and aromat ic  hydrocarbon f r a c -  
t ions.  
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m Anion-Exchan e Chromato raph . - A sample o f  r e s i d u e  (20 g) was d i s s o l v e d  i n  ' 
cyclohexane c250 :I)  and cha:ged Fo t he  r e s i n  (60 g) t h a t  had been wet-packed i n  
the  column. U n r e a c t i v e  m a t e r i a l  was washed f rom the  r e s i n  w i t h  cyclohexane (200 
ml )  f o r  approx imate ly  12 hours,  u s i n g  the r e c y c l i n g  arrangement o f  t he  column. 
A f t e r  removal o f  t h e  u n r e a c t i v e  m a t e r i a l s ,  t he  r e a c t i v e  compounds (acids) were 
recovered by successive 12- t o  24-hour e l u t i o n s  w i t h  benzene, fo l lowed by 60% 
benzene-40% methanol (azeotrope). The r e s i n  was then removed from the  column and 
p laced in  a Soxh le t  e x t r a c t o r .  A f i n a l  e l u t i o n  was then made w i t h  80% benzene-ZO% 
methanol sa tura ted  w l t h  carbon d iox ide .  These t h r e e  s o l v e n t s  remove compounds o f  
i n c r e a s i n g  a c i d  s t r e n g t h ,  and the  f r a c t i o n s  can be analyzed s e p a r a t e l y  o r  combined 
t o  g i v e  a t o t a l  a c i d  f r a c t i o n .  The data r e p o r t e d  i n  t h i s  paper were ob ta ined on 
the  t o t a l  ac id  f r a c t i o n .  

Cation-Exchange Chromatography. - The procedure f o r  thC removal o f  t he  bases 
was s i m i l a r  t o  t h a t  used f o r  t he  removal of ac ids .  The sample o f  a c i d - f r e e  r e s i d u e  
was d i s s o l v e d  i n  cyclohexane and charged t o  t h e  A-15 r e s i n  t h a t  had been wet-  
packed i n  the  column. U n r e a c t i v e  m a t e r i a l  was washed from t h e  r e s i n  w i t h  c y c l o -  
hexane (200 m l )  f o r  approx imate ly  12 hours. The r e a c t i v e  m a t e r i a l  (bases) was 
removed from the  r e s i n  by  successive 12- t o  24-hour e l u t i o n s  w i t h  benzene, f o l l o w e d  
by 60% benzene-40% methanol. A f i n a l  e l u t i o n  was made i n  a Soxh le t  e x t r a c t o r  
us ing  54% benzene-38% methanol-8% isopropy l  amine. 
combined t o  g i v e  a t o t a l  base f r a c t i o n .  

The t h r e e  base f r a c t i o n s  were 

F e r r i c  C h l o r i d e  C o o r d i n a t i o n  Chromatography. - F e r r i c  c h l o r i d e - A t t a p u l g u s  
c l a y  (280 g) suspended i n  cyclohexane was wet-packed in  a column. A sample o f  
a c i d -  and base-free r e s i d u e  (IO g) ,  d i s s o l v e d  i n  cyclohexane, was s l o w l y  p e r c o l a t e d  
th rough the column. The e n t r a i n e d  o i l  was removed by 24-hour e l u t i o n  w i t h  c y c l o -  
hexane. The f i r s t  f r a c t i o n  was desorbed from the  c l a y  by 60- t o  72-hour e l u t i o n  
w i t h  1,2-dichloroethane. The n i t r o g e n  compound-ferr ic c h l o r i d e  complexes i n  t h i s  
f r a c t i o n  were broken by pass ing  t h e  1 ,2 -d ich lo roe thane s o l u t i o n  over  anion-exchange 
r e s i n  contained i n  a second column. The f e r r i c  c h l o r i d e  s a l t  was r e t a i n e d  on the  
r e s i n ,  and t h e  n i t r o g e n  compounds were recovered i n  the e lua te .  A second f r a c t i o n  
was removed from t h e  c l a y  by 60- t o  72-hour e l u t i o n  w i t h  45% benzene-5% water-50% 
ethano l  cl000 ml). The s o l v e n t  was removed, and t h e  o r g a n i c  compounds were r e d i s -  
so lved i n  benzene and t h e n  f i l t e r e d ;  the  s o l v e n t  was aga in  removed t o  e l i m i n a t e  
t races  o f  water and e t h a n o l .  
over anion-exchange r e s i n  t o  remove f e r r i c  c h l o r i d e .  
recovered i n  the  e l u a t e .  The two s u b f r a c t i o n s  were combined t o  g i v e  a t o t a l  
n e u t r a l  n i t r o g e n  f r a c t i o n .  

The organ ics  were r e d i s s o l v e d  i n  benzene and passed 
The n i t r o g e n  compounds were 

S i l i c a  Gel Chromatography. - A p o r t i o n  o f  t h e  ac id - ,  base-, and n e u t r a l  
n i t r o g e n - f r e e  r e s i d u e  (300 mg) was d i s s o l v e d  i n  n-pentane (IO ml) and was p laced I 
on a s i l i c a  ge l  column (90 g)  t h a t  had been wet-packed w i th  n-pentane. The column 
was e lu ted  w i t h  n-pentane (600 m l )  t o  remove the  s a t u r a t e  hydrocarbons. Aromat ic 
hydrocarbons were e l u t e d  from the  column, us ing  85% n-pentane-15% benzene (400 
ml), and 60% benzene-40% methanol (300 ml). 
combined t o  form a t o t a l  a romat ic  hydrocarbon f r a c t i o n .  U l t r a v i o l e t  analyses o f  
t he  s a t u r a t e  f r a c t i o n  i n d i c a t e d  t h a t  t r a c e  amounts o f  a romat ic  hydrocarbons were 
present .  The amount o f  s a t u r a t e s  i n  the  aromat ic  f r a c t i o n ,  i f  any, i s  unknown. 

RESULTS AND D I S C U S S I O N  

The two aromat ic  s u b f r a c t i o n s  were 

The fou r  crude o i l s  used i n  t h i s  work were ob ta ined th rough a sampl ing program 
conducted by A P I  Research P r o j e c t  60 and were se lec ted  f o r  study because they 
represent  c rude o i l s  hav ing  d i f f e r e n t  g e o l o g i c a l  c l a s s i f i c a t i o n s  ( 1 1 ) .  The separa- 
t i o n  and analyses of t h e  res idues  from these p a r t i c u l a r  o i l s  a l l o w s  us t o  I )  
demonstrate the  a p p l i c a b i l i t y  o f  the  s e p a r a t i o n  scheme t o  t h e  s e p a r a t i o n  o f  675 O C  

res idues  p r e d i c t e d  t o  have l a r g e  d i f f e r e n c e s  i n  compos i t ion  and 2) compare t h e  
composi t ion o f  t he  675 "C res idues  w i t h  the  compos i t ion  o f  h i g h - b o i l i n g  d i s t i l l a t e s  
from the  same o i l s .  
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Tab le  1 shows t h e  we igh t  percent  o f  t h e  c rude o i l s  t h a t  does n o t  d i s t i l l  a t  a 
c o r r e c t e d  b o i l i n g  p o i n t  o f  675 "C.  
c rude o i l ,  r e f l e c t i n g  d i f f e r e n c e s  i n  compos i t ion  of the  c rude o i l s .  
t h e  U i l m i n g t o n  crude o i l  c o n t a i n s  22 percent  r e s i d u e  and the  South Swan H i l l s  
c rude o i l  con ta ins  3 percent  res idue.  The percentages o f  res idua l  m a t e r i a l  i n  
some O f  t h e  crude o i l s  a r e  an i n d i c a t i o n  o f  t h e  l a r g e  p o t e n t i a l  amounts o f  f o s s i l  
f u e l  contained i n  the  r e s i d u e  p o r t i o n  of the  o i l s .  

The amount o f  r e s i d u e  i s  d i f f e r e n t  f o r  each 
For example, 

TABLE I .  - Weiqht percent  o f  675 O C  r e s i d u e  i n  crude o i l s  

Crude oil W t .  percent  

U i lm ing ton ,  C a l i f .  22 
South Swan H i l l s ,  A l t a .  3 
Gach Saran, I r a n  16 
Recluse, Wyo. 4 

Tab le  2 shows the  r e s u l t s  o f  t h e  s e p a r a t i o n  o f  t h e  f o u r  res idues .  The res idues  
have l a r g e  d i f fe rences  i n  composi t ion.  For example, t h e  Wi lmington and Gach Saran 
res idues  c o n t a i n  l a r g e  amounts o f  p o l a r  m a t e r i a l s - - a c i d s ,  bases, and n e u t r a l  
n i t r o g e n  compounds. 
s m a l l e r  amounts of these compounds and l a r g e r  amounts o f  hydrocarbons. The res idues  
hav ing  a l a rge  p o l a r  compound conten t  have more aromat ic  than s a t u r a t e  hydrocarbons; 
res idues  t h a t  a r e  low i n  p o l a r  compound c o n t e n t  have more s a t u r a t e  than aromat ic  
hydrocarbons. The da ta  i n  the  t a b l e  a l s o  show t h a t  t he  t o t a l  amounts o f  a c i d s  and 
bases a r e  v a r i a b l e  f rom oil t o  o i l  and t h e  a m u n t s  o f  ac ids  a r e  equal to o r  less  
than the  amounts o f  bases. The d u p l i c a t e  s e p a r a t i o n  o f  t he  Gach Saran r e s i d u e  
i n d i c a t e s  t h a t  t h e  s e p a r a t i o n  i s  r e p r o d u c i b l e .  
a f t e r  separa t ion  was 90 percent  o r  b e t t e r .  

I n  c o n t r a s t ,  t he  South Swan Hills and Recluse res idues  c o n t a i n  

I n  general ,  t he  recovery  o f  m a t e r i a l  

TABLE 2. - Composition o f  675 O C  pe t ro leum res idues  

Weight percent  
Neu t ra l  S a t u r a t e  Aromat ic 

n i t r o g e n  hydro- hydro- 
Crude o i l  Acids Bases compounds carbons carbons Recovery 

Wi lmington, C a l i f .  18 19 41 4 15 97 

Run # I  17 25 I4 8 3 0  94 
Run #2 16 23 16 7 25 87 

S. Swan H i l l s ,  A l t a .  12 13 10 34 27 96 
Recluse, Wyo. 9 10 8 44 26 97 

Gach Saran, I r a n  

The in fo rma t ion  i n  tab les  1 and 2 shows t h a t  when a crude o i l  has a h i g h  
675 " C  res idue c o n t e n t  most o f  t h e  r e s i d u e  w i l l  be composed o f  ac ids ,  bases, and 
n e u t r a l  n i t r o g e n  compounds. Conversely, when a crude o i l  has a low 675 'C r e s i d u e  
c o n t e n t  t he  compos i t ion  o f  t h e  r e s i d u e  w i l l  be m o s t l y  hydrocarbons. 

Tab le  3 shows elemental analyses d a t a  f o r  t he  t o t a l  Wi lmington r e s i d u e  and 
t h e  separated f r a c t i o n s .  Carbon and hydrogen r a t i o s  (C/H) a r e  shown i n  t h e  f i r s t  
column. The p o l a r  f r a c t i o n s  show a C/H of f rom 0.72 t o  0.74, and t h e  s a t u r a t e  
hydrocarbon f r a c t i o n  shows h i g h e r  hydrogen c o n t e n t  w i t h  a v a l u e  o f  0.56. 
v a l u e  o f  .66 f o r  t h e  aromat ic  hydrocarbons i n d i c a t e s  t h e  l a r g e r  degree o f  unsatura- 
t i o n  of t h i s  f r a c t i o n  r e l a t i v e  t o  the  s a t u r a t e  hydrocarbon f r a c t i o n .  The a c i d s  

The 
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are  h i g h  i n  n i t r o g e n  and oxygen, and t h e  bases a r e  h i g h  i n  n i t rogen .  
n i t r o g e n  compounds a re  lower i n  n i t r o g e n  than e i t h e r  the  a c i d  o r  the  base f r a c t i o n s  
and may c o n t a i n  compounds o t h e r  than n i t r o g e n  compounds. The s e p a r a t i o n  scheme 
was e f f e c t i v e  i n  removing n i t r o g e n  compounds i n  t h e  p o l a r  f r a c t i o n s - - o n l y  6 percent 
of the  o r i g i n a l  n i t r o g e n  remained i n  t h e  hydrocarbon f r a c t i o n s .  The s a t u r a t e  
hydrocarbons a r e  e s s e n t i a l l y  f r e e  o f  heterocompounds. 
c o n t a i n  small amounts o f  n i t r o g e n  and oxygen compounds and l a r g e r  amounts o f  
su l fu r  compounds. S u l f u r  i s  r a t h e r  evenly d i s t r i b u t e d  i n  p o l a r  and aromat ic  
hydrocarbon f r a c t i o n s ,  i n d i c a t i n g  t h a t  s u l f u r  compounds have no t  been concent ra ted  
i n  any o f  t h e  f r a c t i o n s .  The amount o f  n i t rogen ,  oxygen, and s u l f u r  i n  the  t o t a l  
r e s i d u e  was compared w i t h  t h e  sum o f  t h e  n i t r o g e n ,  oxygen, and s u l f u r  i n  the  
f r a c t i o n s .  The n i t r o g e n  and s u l f u r  i n  the  t o t a l  r e s i d u e  e q u a l l e d  the  sum o f  t he  
amounts found i n  t h e  separated f r a c t i o n s .  The analyses f o r  oxygen appear to be i n  
e r r o r  because 50 p e r c e n t  more oxygen was found i n  the  f r a c t i o n s  than was found i n  
the  t o t a l  r e s i d u e  (oxygen analyses on smal l  samples have no t  been r e p r o d u c i b l e ) .  

The n e u t r a l  

The aromat ic  hydrocarbons 

TABLE 3. - Elemental  analyses o f  Wi lmington 675 "C res idue 
and r e s i d u e  f r a c t i o n s  

Percent Percent Percent Percent Percent 
Samp 1 e C/H carbon hydrogen n i t r o g e n  SUI f u r  oxygen 

T o t a l  res idue * 72 84.9 9.73 1.62 2.57 1.46 

Bases * 72 83.17 9.64 1.96 2.31 2.67 
Neut ra l  n i t r o g e n  

compounds 
f 74 83.02 9.36 1.78 2.71 1.30 

S a t u r a t e  hydrocarbons .56 85.48 12.69 0.11 0.82 0.81 
Aromatic hydrocarbons .66 85.34 10.76 0.63 2.37 0.74 

Acids  .74 80.23 9.09 2.33 2.53 5.53 

Table 4 shows a comparison o f  the  compos i t ion  o f  the  res idue w i t h  the  composi- 
t i o n  o f  two h i g h - b o i l i n g  d i s t i l l a t e s  f rom Wi lming ton  c rude o i l .  The d a t a  f o r  t he  
d i s t i l l a t e s  were r e p o r t e d  i n  an e a r l i e r  p u b l i c a t i o n  (12). The we igh t  percent  o f  
ac ids ,  bases, and n e u t r a l  n i t r o g e n  compounds increases w i t h  the  inc rease i n  b o i l i n g  
range. 
inc reas ing  b o i l i n g  range. 

The we igh t  p e r c e n t  o f  s a t u r a t e  and aromat ic  hydrocarbons decreases w i t h  

TABLE 4. - Composition o f  Wi lmington res idue and d i s t i l l a t e s  

Weight percent  
370-535 'C 535-675 'C 675°C 

Sampl e d i s t i l l a t e  d i s t i l l a t e  r e s i d u e  

Ac ids  5.6 9.3 18.0 

Neut ra l  n i t r o g e n  

S a t u r a t e  

Aromat ic  

Bases 6.8 12.7 19.0 

compounds 4.2 21.3 41 .O 

hydrocarbons 36.9 20.8 4.0 

hydrocarbons 46.5 36.0 15.0 
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CONCLUSIONS 

The separa t ion  procedure descr ibed i n  t h i s  paper can be used t o  separa te  
675 " C  residues having l a r g e  d i f f e r e n c e s  i n  composi t ion.  The procedure prov ides  
use fu l  i n fo rma t ion  concern ing  t h e  compos i t ion  o f  t h e  residues. For example, t he  
South Swan H i l l s  res idue,  which conta ins  smal l  amounts o f  a c i d s  and bases and 
l a r g e  amounts o f  hydrocarbons r e l a t i v e  t o  t h e  Wi lming ton  res idue would be p r e d i c t e d  
t o  be more e a s i l y  r e f i n a b l e  than the Wi l rn ington res idue.  
res idue i n t o  chemica l l y  meaningful  f r a c t i o n s  l a y s  the  groundwork f o r  f u r t h e r  
c h a r a c t e r i z a t i o n  accord ing  t o  compound type. 

The s e p a r a t i o n  o f  t h e  

SUMMARY 

Vacuum res idues  from four  crude o i l s  have been separated i n t o  f r a c t i o n s  of 
ac ids ,  bases, n e u t r a l  n i t r o g e n  compounds, s a t u r a t e  hydrocarbons, and aromat ic  
hydrocarbons. 
o r i g i n a l l y  developed f o r  separa t ing  h i g h - b o i l i n g  pe t ro leum d i s t i l l a t e s .  Elemental 
analyses were ob ta ined f o r  t h e  res idue f r a c t i o n s .  
were compared, and the  compos i t ion  o f  t h e  Wi lming ton  r e s i d u e  was compared w i t h  the  
composi t ion o f  Wi lmington h i g h - b o i l i n g  d i s t i l l a t e s .  

The s e p a r a t i o n  scheme was a m o d i f i c a t i o n  o f  a s e p a r a t i o n  scheme 

The composi t ions o f  f o u r  residues 
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675 OC VACUUM RESIDUE 

A n i o n  res in  

AC I DS L E S S  A C I D S  I 
BASES LESS A C I D S  & BASES 

Fet 1 

RES I DUE NE U T  RA L 
LESS A C I D S ,  BASES NITROGEN 

S i l i c a  gel 

SATURATE 

HYDROCARBONS 

Figure 1. - SEPARATION SCHEME 
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